Background {#Sec1}
==========

In recent decades, nonalcoholic fatty liver disease (NAFLD), including nonalcoholic fatty liver, nonalcoholic steatohepatitis, hepatic fibrosis, cirrhosis, and hepatocellular carcinoma \[[@CR1]\], has been paid close attention and become a major global public health issue \[[@CR2]\]. It is estimated that the prevalence of NAFLD was about 20--30% among the world's population in 2013 \[[@CR3]\]. Also, the overall prevalence of NAFLD in mainland of China was about 20.09% (17.95--22.31%) \[[@CR4]\]. As a multi-systemic metabolic disease, NAFLD is closely related to many chronic diseases, including metabolic syndrome (MS), type 2 diabetes mellitus (DM), obesity, dyslipidemia and cardiovascular disease (CVD) \[[@CR5]--[@CR9]\], dramatically increasing the clinical and economic burden \[[@CR10]\]. Moreover, NAFLD can no longer be considered a mere hepatic manifestation of the MS; increasing evidences suggest that NAFLD can anticipate the development of MS and DM \[[@CR11], [@CR12]\]. Considering the seriousness of the disease, early identification for the risk of NAFLD is important and an effective diagnostic predictor for the incident NAFLD should be explored nowadays.

Additionally, recent investigations revealed that NAFLD was closely related to insulin resistance (IR) and many endocrine derangements \[[@CR13], [@CR14]\], and the triglyceride and glucose (TyG) index also has been related to IR \[[@CR15]\]. However, no consistent conclusions about the TyG index and incident NAFLD have been reached at present. Therefore, we collected 9-year longitudinal follow-up data in order to investigate the longitudinal relationship between TyG index and NAFLD, and to evaluate the ability of TyG index, through comparing with the predictive value of triglyceride (TG), alanine aminotransferase (ALT), fasting plasma glucose (FPG), to identify individuals at risk for incident NAFLD.

Materials and methods {#Sec2}
=====================

Study population {#Sec3}
----------------

The study subjects, who were the petrochemical employees from Zhenhai Lianhua Hospital, were enrolled in 2006 and were followed-up until 2015 in Ningbo, China. The annual physical health examinations in our cohort study were conducted to assess whether the TyG index could predict the development of the NAFLD. The exclusion criteria were as follows: 1)、subjects who have already been diagnosed as DM, hypertension (HTN), dyslipidemia and MS or taking medicines for the above diseases. 2)、subjects who had NAFLD, viral liver diseases, autoimmune hepatic disease, or other chronic hepatic diseases based on the history and serology at study entry. 3)、subjects who were drinking alcohol greater than 140 g per week for males and 70 g per week for females. The subjects were reassessed after the annual physical health examinations. Eventually, a total of 4539 (2996 males and 1543 females) initially NAFLD-free subjects, were evaluated for the development of NAFLD.

Clinical measurements and ultrasonography {#Sec4}
-----------------------------------------

All subjects accomplished a questionnaire, which included demographic characteristics such as alcohol consumption, smoking status and family history under the supervision of physicians who were well-trained in the medical examination center from the petrochemical hospital.

Height and weight of the subjects were measured with light indoor clothing and with no shoes. Waist circumference (WC) was calculated in standing subjects, midway between the lower edge of the costal arch and the top of the iliac crest. Body mass index (BMI, kg/m2), used as an index of body fat, was calculated as weight in kilograms divided by height in meters squared. Both WC and weight were measured in the morning before breakfast. The mean value of three blood pressure measurements was used to represent an individual's blood pressure ultimately. Blood pressure was measured 3 consecutive times using the non-dominant arm with a 1-min interval between the measurements with the subjects in the seated position after 5 min of rest; and the automated device was used from Kyoto, Japan (Omron HEM-7052; Omron Corp.). Abdominal ultrasound (US) examination of the nonalcoholic fatty liver was performed and evaluated independently by experienced radiologists using a 3.5-MHz transducer (SoNoliNE Versa Plus, SIEMENS, Germany). In the supine position, subjects who participated in the US examination raised their right arm above the head. The diagnosis of NAFLD should have the presence of at least two of the following findings, according to the "Chinese Guideline on Diagnosis and Treatment of NAFLD" \[[@CR16]\]: (1) diffuse increased echogenicity of liver compared with the kidney or spleen, (2) ultrasound beam attenuation, (3) poor visualization of intrahepatic structures.

After an overnight fasting for at least 10-h, a venous blood of three milliliter sample was obtained from each subject in the morning. All biochemical measurements, including total cholesterol (TC), TG, low density lipoprotein (LDL-C), high density lipoprotein cholesterol (HDL-C), creatinine (Cr), blood urea nitrogen (BUN), serum uric acid (SUA), FPG, aspartate aminotransferase (AST), ALT, γ-glutamyltransferase (γ-GGT), Apo-B and Apo-A1 were measured enzymatically using an Olympus AU640 auto-analyzer which was from Kobe, Japan. Also, all the laboratories involved resoundingly completed the standardization. The product of TyG was calculated using the following established formulas, TyG = Ln \[TG (mg/ml) \* FPG (mg/ml)/2\] \[[@CR17]--[@CR19]\].

Definitions {#Sec5}
-----------

NAFLD was defined by the presence of abnormal findings in the US, and simultaneously ruled out the individuals with alcohol abuse (\> 140 g per week for males and \> 70 g per week for females) and competing etiologies for hepatic steatosis in accordance with the guidelines drafted by the Asia-Pacific Working Party \[[@CR20]\]. The subjects who had three or more of the following abnormalities were diagnosed as MS: (I) blood pressure elevation, systolic pressure (SBP) ≥ 130 mmHg or diastolic pressure (DBP) ≥ 85 mmHg, or treatment of previously diagnosed HTN; (II) FPG elevation, defined as FPG ≥ 6.1 mmol/L, or previously diagnosed DM; (III) TG elevation, defined as triglycerides ≥1.7 mmol/L; (IV) reduced HDL-C, defined as HDL-C \< 1.0 mmol/L; (V) WC ≥ 90 cm for Chinese males and ≥ 85 cm for Chinese females \[[@CR21]\]. The calculation of estimated glomerular filtration rate (eGFR) was conducted through the MDRD equation modified by the Chinese \[[@CR22]\].

Statistical analysis {#Sec6}
--------------------

At baseline, four groups (quartile 1 (Q1) to quartile 4 (Q4)) were divided based on the TyG index. The classifications were as follows: 1)、for male: quartile 1(Q1) (≤ 8.09), quartile 2(Q2) (8.10--8.40), quartile 3(Q3) (8.41--8.76), and quartile 4(Q4) (≥ 8.77); and for female: quartile 1(Q1) (≤ 7.85), quartile 2(Q2) (7.86--8.15), quartile 3(Q3) (8.16--8.50), and quartile 4(Q4) (≥ 8.51). The baseline characteristics in each quartile were compared, and the cumulative incidence of NAFLD according to TyG index was also calculated.

Fundamental characteristics of the sample in the study were summarized by descriptive statistics. Data for continuous variables, which were expressed as median (IQR), were compared using the student's t text, Mann-Whitney *U* test, Kruskal-Wallis *H* test or one way ANOVA depending on the normality; data for categorical variables, which were presented as percentages (%), were compared using Chi-square text. Cox proportional hazards regression was used to estimate hazard ratios (HR) for incident NAFLD for each TyG quartile. The hazard ratio and 95% confidence intervals (CI) were calculated for incident NAFLD. The model 1 was initially adjusted for gender and age, and then adjusted for indictors of MS (Model 2). Finally, the model 3 was further adjusted for other clinical factors. For linear trends of risk, the number of quartiles was used as a continuous variable and tested on each model. All statistics in the study were performed by the software SPSS 17.0 (SPSS Inc., Chicago, IL, USA). For a statistical inference, all *p* values are bilateral, and the difference had statistical significance if *p*-value was less than 0.05. A receiver operating characteristic (ROC) curve was constructed to assess the ability of the TyG index to predict the incident NAFLD, through comparing with the predictive value of TG, ALT and FPG.

Results {#Sec7}
=======

Baseline characteristics of the study population {#Sec8}
------------------------------------------------

A total of 4539 subjects (2996 males and 1543 females) were followed up in the study for 9 years, with the endpoint being the onset of NAFLD. Baseline clinical characteristics of the subjects in each TyG quartile were presented in Table [1](#Tab1){ref-type="table"}. WC, age, BMI, SBP, FPG, DBP, UA, TC, LDL-C, Apo-B, TG, AST and ALT all tended towards increase with higher TyG index (*P* \<  0.001), whereas eGFR and HDL-C decreased as the TyG increased (*P* \<  0.001). Meanwhile, there was no significant difference among the quartiles in BUN, Cr and Apo-A1 (*P* \> 0.05).Table 1Baseline characteristics of the subjects according to TyG quartilesVariablesTyG quartilesQuartile 1 (*n* = 1127)Quartile 2 (*n* = 1146)Quartile 3 (*n* = 1133)Quartile 4 (*n* = 1133)*p*Gender (male/%)751/66.6754/65.8748/66.0743/65.60.96Age (years)38.0(32.0--45.0)40.0(34.0--49.0)43.0 (35.0--53.0)47.0 (38.0--56.0)\<  0.001BMI (kg/m^2^)21.0 (19.6--23.0)21.7 (20.0--23.7)22.7 (21.0--24.4)23.4 (21.8--25.0)\<  0.001SBP (mmHg)114.0 (106.0--123.0)116.0 (108.0--126.0)120.0 (111.0--129.0)123.0 (114.0--132.0)\<  0.001DBP (mmHg)72.0 (67.0--78.0)74.0 (68.0--80.0)76.0 (70.0--83.0)78.0 (73.0--84.0)\<  0.001WC (cm)73.0 (68.0--79.0)75.0 (70.0--81.0)78.0 (72.0--83.0)80.0 (75.0--85.0)\<  0.001TyG7.79 (7.63--7.94)8.17 (8.07--8.28)8.49 (8.38--8.61)8.97 (8.80--9.20)\<  0.001BUN (μmol/l)4.97 (4.24--5.79)4.95 (4.25--5.77)5.02 (4.18--5.87)4.96 (4.17--5.76)0.683Cr (μmol/l)72.0 (60.0--81.0)73.0 (61.0--81.0)73.0 (61.0--82.0)71.0 (60.0--81.0)0.353FPG (mmol/l)4.25 (4.00--4.52)4.40 (4.12--4.67)4.49 (4.21--4.84)4.68 (4.33--5.11)\<  0.001UA (μmol/l)303.0 (247.0--350.0)305.0 (251.8--357.3)324.0 (262.0--384.0)336.0 (276.0--390.0)\<  0.001AST (U/l)18.0 (16.0--22.0)19.0 (16.0--22.0)20.0 (17.0--23.0)20.0 (17.0--24.0)\<  0.001ALT (U/l)18.0 (14.0--25.0)20.0 (15.0--27.0)22.0 (16.0--32.0)24.0 (18.0--35.0)\<  0.001y-GGT (U/l)14.0 (11.0--19.0)16.0 (11.0--21.0)18.0 (13.0--27.0)21.0 (15.0--35.0)\<  0.001TC (mmol/l)4.28 (3.78--4.82)4.55 (4.04--5.09)4.74 (4.20--5.33)5.12 (4.54--5.77)\<  0.001TG (mmol/l)0.71 (0.60--0.82)1.01 (0.88--1.14)1.35 (1.16--1.54)2.09 (1.71--2.65)\<  0.001HDL-C (mmol/l)1.38 (1.12--1.70)1.31 (1.09--1.60)1.24 (1.05--1.53)1.24 (1.071.48)\<  0.001LDL-C (mmol/l)2.27 (1.90--2.68)2.56 (2.06--3.03)2.67 (2.24--3.20)2.90 (2.36--3.44)\<  0.001Apo-A1(g/l)1.33 (1.17--1.50)1.33 (1.16--1.50)1.31 (1.13--1.50)1.30 (1.12--1.53)0.228Apo-B(g/l)0.77 (0.64--0.90)0.85 (0.72--0.98)0.93 (0.80--1.08)1.04 (0.88--1.22)\<  0.001eGFR (ml/(min·1.73 m^2^))112.3 (99.9--127.7)109.7 (99.9--123.4)108.5 (96.6--123.0)107.0 (96.0--123.4)\<  0.001

Relationship between TyG index and incident NAFLD {#Sec9}
-------------------------------------------------

According to the baseline TyG index, the subjects were stratified into quartiles. During a total of 4539 person-years of follow-up, 1390 subjects including 1109 males and 281 females developed NAFLD, corresponding to 37.0 and 18.2% cumulative incidence of NAFLD in male and female, respectively (Table [2](#Tab2){ref-type="table"}). In addition, Table [2](#Tab2){ref-type="table"} also demonstrated that the baseline BMI, gender, SBP, WC, DBP, γ-GGT, AST, TyG, ALT, BUN, Cr, UA, eGFR and lipids were all significantly different between two groups. Meanwhile, Fig. [1](#Fig1){ref-type="fig"} showed that the baseline TyG quartiles predicted the incidence of NAFLD in a positive manner, and the overall 9-year cumulative incidence of NAFLD was 30.6%, ranging from 15.9% in Q1 to 22.3, 35.1 and 49.2% in Q2, Q3 and Q4, respectively (*P* for trend \< 0.001). Above results demonstrated those with higher baseline TyG levels were more likely to develop NAFLD than those with lower levels.Table 2Baseline characteristics of the subjects according to follow-up outcomesVariablesSubjects developed NAFLD (*n* = 1390)Subjects did not develop NAFLD (*n* = 3149)*P*Gender (male/female, *n*)1109/2811887/1262\<  0.001Age (years)41.0(34.0--51.0)41.0 (35.0--51.0)0.226BMI (kg/m^2^)23.9 (22.2--25.3)21.5 (19.9--23.3)\<  0.001SBP (mmHg)122.0 (114.0--131.0)116.0 (107.0--126.0)\<  0.001DBP (mmHg)78.0 (72.0--84.0)74.0 (68.0--80.0)\<  0.001WC (cm)82.0 (77.0--87.0)74.0 (69.0--80.0)\<  0.001TyG8.58 (8.25--8.91)8.21 (7.91--8.54)\<  0.001BUN (μmol/l)5.03 (4.23--5.86)4.95 (4.19--5.75)0.029Cr (μmol/l)75.0 (65.0--83.0)70.0 (59.0--80.0)\<  0.001FPG (mmol/l)4.47 (4.15--4.82)4.43 (4.14--4.77)0.114UA (μmol/l)347.0 (294.0--401.0)301.0 (245.0--356.0)\<  0.001AST (U/l)20.0 (17.0--24.0)19.0 (16.0--22.0)\<  0.001ALT (U/l)26.0 (19.0--37.0)19.0 (14.0--26.0)\<  0.001y-GGT (U/l)21.0 (15.0--33.0)15.0 (11.0--22.0)\<  0.001TC (mmol/l)4.77 (4.17--5.41)4.61 (4.03--5.24)\<  0.001TG (mmol/l)1.48 (1.10--2.04)1.03 (0.79--1.39)\<  0.001HDL-C (mmol/l)1.20 (1.05--1.43)1.33 (1.10--1.64)\<  0.001LDL-C (mmol/l)2.73 (2.26--3.26)2.52 (2.04--3.05)\<  0.001Apo-A1 (g/l)1.26 (1.11--1.45)1.35 (1.16--1.53)\<  0.001Apo-B (g/l)0.95 (0.80--1.14)0.86 (0.72--1.03)\<  0.001eGFR (ml/(min·1.73 m^2^))108.1 (96.5--121.9)110.8 (98.4--125.8)\<  0.001Fig. 1The association between baseline TyG index and the cumulative incidence of NAFLD

The TyG index and the risk of NAFLD {#Sec10}
-----------------------------------

We performed the analysis of TyG level and incident NAFLD using Cox proportional hazards regression models. It showed that gender, BMI, WC, TyG, SBP, DBP, γ-GGT, AST, ALT, BUN, Cr, UA, TC, HDL-C, TG, Apo-A1, LDL-C, eGFR and Apo-B were independent factors related with incident NAFLD in univariate models, while only Age, BMI, WC, AST, ALT, FPG, UA, TC, TG, eGFR, LDL-C, TyG and Apo-B were correlated with incident NAFLD in multivariate models (Figs. [2](#Fig2){ref-type="fig"}, and [3](#Fig3){ref-type="fig"}). Hazard ratio for incident NAFLD was also analyzed in each TyG quartile, with the first quartile serving as the reference group. The HR (95% CI) for subjects in Q2, Q3 and Q4 were 1.46(1.21--1.77), 2.49(2.08--2.97), and 3.95(3.34--4.68) (*P* for trend \< 0.001) respectively, compared to the first quartile. Same conclusions were drew between TyG index and incident NAFLD even after adjusting for age and gender, or the indictors of MS or the clinical factors including BMI, WC, gender, SBP, age, DBP, TC, TG, Apo-A1, Apo-B, LDL-C, FPG, BUN, Cr, HDL-C, AST, ALT, UA, y-GGT and eGFR (Fig. [4](#Fig4){ref-type="fig"}). These above findings indicated TyG index was significantly related to an increased risk of subsequent incident NAFLD.Fig. 2The univariate Cox hazard models of development of NAFLD during 9-year follow-upFig. 3The multivariate Cox hazard models of development of NAFLD during 9-year follow-upFig. 4Risk of development NAFLD according to baseline TyG quartiles in unadjusted and adjusted models. Model 1: Adjusted for age and gender; Model 2: Adjusted for indictors of MS including age, gender, WC, SBP, DBP, FPG, HDL-C and TG; Model 3: Adjusted for age, gender, WC, BMI, SBP, DBP, TC, TG, HDL-C, LDL-C, Apo-A1, Apo-B, FPG, BUN, Cr, AST, ALT, y-GGT, UA and eGFR

Performance of ALT, TyG and its components for diagnosing subjects with NAFLD {#Sec11}
-----------------------------------------------------------------------------

We further conducted a ROC curve analysis to assess the diagnostic value of ALT, TyG and its components. The area under the ROC (AUC) curve to analyze the ability of the baseline TyG to predict the development of NAFLD was 0.76 (95% CI 0.74--0.77), which was larger than that of TG (0.70 (95% CI 0.69--0.72), *P* for difference \<  0.0001), ALT (0.70 (95% CI 0.69--0.72), *P* for difference \<  0.0001), and FPG (0.57 (95% CI 0.55--0.59), *P* for difference \<  0.0001). Based on the ROC plot, the optimal predictive cut-off of TyG for incident NAFLD was 8.52, with a sensitivity of 67.3% and a specificity of 71.9% (Fig. [5](#Fig5){ref-type="fig"}).Fig. 5Receiver operative characteristic (ROC) curves and corresponding areas under the curve (AUC) for NAFLD. The AUC of TG, ALT, FPG and TyG were 0.70 (95% CI 0.69--0.72), 0.70 (95% CI 0.69--0.72), 0.57 (95% CI 0.55--0.59) and 0.76 (95% CI 0.74--0.77), respectively. *p* values for the difference between TyG and other two AUCs were \<  0.0001

Discussion {#Sec12}
==========

Currently, NAFLD has become one of the major causes of chronic liver disease worldwide \[[@CR23]\]. Hence, taking account into the severity of the disease, the identification of an effective marker to predict the NAFLD is of great importance. This primary goal was to identify an index for predicting the incident NAFLD in a large healthy Chinese population. Over the 9-year period, about 30.6% of the subjects developed NAFLD. Our results indicate that the subjects with a high level of TyG index had a higher likelihood of suffering from NAFLD during the follow-up period. Cox regression also showed subjects who had a larger TyG index at baseline would significantly lead to a higher risk of incident NAFLD after adjusting for other risk factors. According to the ROC analysis, the TyG index was superior to its components and ALT in diagnosing NAFLD. These observations demonstrate that TyG index may be the effective predictor for developing NAFLD and the NAFLD risk increases along with the higher baseline TyG index.

Nowadays, several reports show that the TyG index is a biomarker for screening simple steatosis and NAFLD \[[@CR24]--[@CR26]\]; however, these studies are cross-sectional reports. The population-based findings in this study consolidate the relationship between TyG and NAFLD, and we further conclude that TyG is a longitudinal indicator of the later NAFLD, that is, TyG can predict the risk of NAFLD in the next few years. Also, we confirm that IR can lead to the occurrence of NAFLD in terms of epidemiology. In addition, increasing researches \[[@CR1], [@CR27]\] suggest that ALT value may accurately predict the NAFLD. In our study, ALT, which has become the primary screening tool for detecting acute liver injury \[[@CR28], [@CR29]\], was also associated with NAFLD; however, the AUC of the TyG index in diagnosing NAFLD was larger than that of ALT, FPG and TG in the ROC analysis. These indicated that TyG index was more effective for predicting the incident NAFLD, compared with the components of the TyG and ALT.

Though the mechanisms for NAFLD pathogenesis are still unclear, "two-hit hypothesis", which has been obsolete recently, was widespread in past years. IR, as the main factor in the "first-hit", induced the formation of reactive oxygen species (ROS) and dysfunction of mitochondria and constituted the initiating factor in NAFLD \[[@CR30], [@CR31]\]. The current evidence \[[@CR32]\] suggests a "multiple-hit" hypothesis including IR, hormones secreted from the adipose tissue, nutritional factors, gut microbiota and genetic and epigenetic factors. From "two-hit" to "multiple-hit" hypothesis, IR plays an important role in the NAFLD throughout. Moreover, the severity of IR was also positively related to the progress and prognosis of NAFLD according to a recent study \[[@CR33]\]. Therefore, the TyG index, which could identify the presence and severity of IR, may predict the subsequent occurrence of NAFLD in later life.

The association between TyG index and the incident diabetes mellitus has been found in a previous epidemiological study \[[@CR34]\]. The results of our study showed the TyG index could predict the subsequent occurrence of NAFLD in later life. Hence, regular monitoring of the TyG index may benefit to prevent the occurrence of NAFLD in China.

The advantages of the study were as follows. First, our longitudinal study provided significant epidemiological evidence for the relation between TyG index and incident NAFLD in Ningbo, China. Moreover, the main strength was the large sample size and the prospective nature. However, some limitations also exist in our study. First, NAFLD was diagnosed only by ultrasonography, which cannot detect fatty infiltration \< 10% \[[@CR35]\]. This may lead to the underestimation of the true relationship between TyG index and incident NAFLD. Semi-quantitative ultrasonography may be more reliable for screening and understanding the pathogenesis of the NAFLD in future research \[[@CR36]\]. Second, liver biopsy, which is the gold standard for the diagnosis of NAFLD, was not used because of the invasion. Third, we did not record the information on physical activity, which may affect the development of NAFLD. However, in this study, the duration and intensity of our subjects' physical activity was almost similar every day, we did not think it would affect the results. Moreover, the information on nutritional habits or energy intake in this study was also not collected because we could not quantify above information every day. In another way, we used other additional covariates indirectly related to dietary, such as BMI or cholesterol for adjusting for this possible confounding factor. In addition, fasting insulin or the anti-inflammatory was also not obtained due to the lack of relevant devices and sufficient fund. Finally, the subjects of our study were the employees in a large-scale state-owned plant, and the conclusions may be different from the common population. A larger and multicenter study would be performed in future research.

Conclusions {#Sec13}
===========

In summary, this population-based study indicated the TyG index could independently predict the incident NAFLD after adjustment for variables. Therefore, it may be suitable as a diagnostic criterion for NAFLD, and we may develop the strategy of NAFLD prevention based on the TyG index.
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